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[57] ABSTRACT 

Before a signal is recorded on an optical disk, irradia- 
tions are made with plural light irradiation conditions of 
variable irradiation power or pulse width, optical con- 
ditions of irradiated portions are detected by . detecting 
changes in the reflectivity or transmissivity or errors, 
and the optimum irradiation conditions are determined 
by comparing the detected results and the light irradia- 
tion conditions. In particular, by determining the opti- 
mum irradiation conditions in reference to the point 
where the change in reflectivity or transmissivity is 
greatest with respect to changes in the irradiation 
power, the optimum light irradiation conditions can be 
determined in a short time. 

9 Claims, 14 Drawing Sheets 
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tions or with a drop in the transmission efficiency of the 

METHOD FOR DETERMINING OPTIMUM optical system in the recording device. 

IRRADIATION CONDITIONS IN OPTICAL DATA Shown in FIG. 14 is the C/N irradiation power de- 

RECORDING pendency as one example of the changes in an optical 

5 disk. The optical disk and irradiation conditions are the 

BACKGROUND OF THE INVENTION same as those described herdnbelow with reference to 

1. Field of the Invention embodiment of the present invention, and only 
The present invention relates to an optical data me- those points related to the changes in the optical ctisk 

dium recording method which records a data signal by described here. Curve A represents the recording 

means of a laser beam or similar light source* and partic- characteristics measured at an initial (clean) state, and 

ttlarly to a method of obtaining optimum inadiation curve 13 represents the recording characteristics mea* 

conditions according to changes in the recording me- sured after the same optical disk was soiled by exposure 

dium and recording device! for a predetermined period to a dusty environment In 

2. Description of the Related Art general, the laser power yielding the greatest C/N ratio 
Technologies for writing or reading a data signal to may be considered to be the optimum conditions for 

or from, respectively, an optical data recording meditmi optical disk recording. The results of evaluation during 

using a laser beam are already commonly applied in the optical disk manufacturing process correspond to 

optical disk devices. In the discussion hereinbelow, the the state represented by curve A where the optimum 

data recording medium shall therefore be referred to as irradiation power, is 10 mw. However, when a signal is 

an optical disk. These technologies are widely available ^ recorded with a 10-mW laser power after exposure to 

today as compact discs (hereinafter CDs) and laser the above environment, the C/N ratio drops to a low 30 

video discs, and in write<once optical filing and re- demonstrating an unacceptable irradiation condi- 

trieval systems, Rewritable optical devices have just tion. It should be noted that if the disk surface is simi- 

recently become widely avaUable, though they are still j^rly soiled an the drive operation changes as described 

not common. . ^ . , above, the recording state will change even more. 

One available read/wnte (R/W) system is the so- y^us, even if a signal is recorded according to the 
called ph^ change disk which utiliz^ the reversible ^j^^ irradiation conditions measured during optical 
state capabUity of certain matenals which change be- manufacture, the actual recording will differ ac- 
tween an amorphous and crystalhne state or between ^^^^ ^ conditions prevailing when the record- 
different crysulbne states. The recordmg thm-films 30 ^g is made.' As a result, when the data signal is demodu- 
used m these devices assume either an amorphous or . ® . - ^ ^^^Si^^ -«« k. 
distinct crvstfllline state and can be switched between ^^^^ recordmg area, the signal may not be 
distinct crystaiime state, ana can oe switcnec oeiween correctly demodulated or read errors may be generated, 
these states, by specific heatmg and coohng conditions ^^^^y ocmoauidvcu ur icau c«un» may uc jjcuwaicu. 

induced by a laser beam. In addition, the optical con- SUMMARY OF THE INVENTION 

stants (refractive index, extinction coefficient) of these 35 ^ . l - . r Ji_ . - ^ • * 

materials change with the amorphous and crystalline Therefore, an object of the present mventon is to 

states. A dau signal is written to the phase-change disk Pr<^\».^5 ^ ?^ the optimum irradiation 

by selectively forming these two states in the recording conditions with respect to the recordmg medium when 

thin-film according to the data signal, and the signal is recordmg a data sign^. 

read from the disk using the resulting optical changes 40 The method accordmg to the present mvention re- 

(transmissivity or refiectivity). «>rds a data signal by means of laser beam irradiation . 

A light irradiation method as shown in FIG. 9 has applied to a recording medium which changes revers- 

bcen proposed as one way to obtain these two states. iWy between optically distinguishable states according 

Described in the Japanese Journal of Applied Physics specific light irradiation conditions, and comprises a 

(Vol. 1.26 (1987), Supplement 2M. p. 61), this method 45 process for accomplishing before recording the data 

emits to the recording thin-film on the optical disk a o» recordmg medium a hght irradiation se- 

laser beam (b), the power of which is modulated be- quence which combines plural different irradiation con- 

tween two power levels, a peak power Pp and a bias ditions, a light detection process which detects the 

power Pb (Pp>Pb) according to the data signal (a). quantity of light reflected by or passing through the 

When d laser beam of this type is emitted to the record- 50 recording medium after the preceding light irradiation 

ing thin-fihn, that part of the film which is radiated by sequences a process which measures said signal, a com- 

the peak power Pp beam is set to the amorphous state, parison process which compares the measurement re* 

and that part radiated by the bias power Pb beam is set suit, and a process which detemoines the optimum irra- 

to the crystal state, regardless of whether the pre-radia- diation conditions from the comparison result on record 

tion state was amorphous or crystalline. It is therefore 55 the data signal to the recording medium, 

possible to overwrite a single spot on the film. A recording method as thus described can determine 

Data is Written to the optical disk by laser beam the optimum condition from a combination of recording 

irradiation 43 thus described. The power levels Pp and medium and recording device conditions at the time the 

Pb which define the laser irradiation conditions are recording is.made. As a result, a recording with a low 

constant levels optimized according to the type of opti- 60 error rate can be obtained by adapting the irradiation 

cal disk. However, the optimum irradiation conditions conditions to changes occurring with the passage of 

required for any given recording thin-fUm vary with the time in the recording medium and the recording device. 

pa^ge of time, even for optical disks manufactured DESCRIPTION OF THE DRAWINGS 

under the same conditions, and with variations in the oiucr A^cowivir i ivi^ ixic i^iwvtth^vjo 

manufacturing conditions. In addition, the power of the 65 These and other objects and features of the present 

laser beam actually reaching the recording thin-fUm of invention will become clear from the following descrip- 

the optical disk will also vary with soiling of the optical tion taken in conjunction with the preferred embodi- 

disk surface, or with a change in the operating condi- ments thereof with reference to the accompanying 
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drawings throughout which like parts are designated by The recording procedure in a regular mode after the 

like reference numerals, and- in which; - irradiation conditions are set is defined below. The data 

FIG. 1 is a block diagram of a device which may be signal SOI to be recorded on the optical disk 2 is input 

used to carry out a method for setting the irradiation to the data recording, section B, which converts the 

conditions in a preferred embodiment of the present 5 electrical data signal to a power modulated optical sig- 

invention, nal, and stored initially in buffer memory 4. The buffer 

FIG. 2 is a cross section of the optical information memory 4 outputs a data signal S4a to the drive circuit 

recording medium, 5 at a timing determined according to a gate signal SSa 

FIGS. 3(a) 3(6) are graphs of the power dependency from the controller 3. The drive circuit 5 generates a 

of the C/N and erasure rate of the recording medium, 10 modulated current S5 according to the gate signal S4a 

and the change in reflectivity at DC light irradiation, and the conditions from the recording setting device 6, 

FIGS. 4(a), 4(p) and 4(c) are graphs of the change and drives the semiconductor laser 7. From the semi- 

. with time in the irradiation power and reflectivity, conductor laser 7 is generated a light beam power mod- 

FIG. 5 is a graph of the power dependency of the ulated between a peak power Pp and a bias power Pb. 

error quantity, IS The light of the semiconductor laser 7 is regulated to a 

FIG. 6 is a block diagram of a multiple pulse genera- parallel beam by the coUimeter lens 8, passed through a 

tion circuit, polarization beam splitter 9 and J-wave plate 10, and 

FIG. 7 is a timing chart for the multiple pulse genera- focused by objective lens 11 to an approximately 10 fim 

tion circuit, spot diameter, which is the wavelength limit, on the 

FIG. 8 is a timing chart of the multiple pulse wave of 20 recording thin-fllm 2b of the optical disk 2. By power 

the laser beam, modulating the focused beam between Pp and Pb ac- 

FIG. 9 is a conceptual diagram of a conventional cording to the data signal, a recording mark (amor- 
single pulse modulation wave and recording mark phous state) corresponding to the data signal as shown 
shape, in FIG. 9 (c) is formed on the recording thin-film 2b, 

FIG. 10 is a conceptual diagram Of d multiple pulse 2S thus recording the signal, 
modulation wave and recording mark shape, During data reading, a continuous beam at a constant 

FIG. 11 is a flow chart for a first embodiment of the read power level Pr is irradiated to the optical disk 2. 

present invention. The reflected light from the recording thin-film 2b 

FIG. 12 is a flow chart for a second embodiment of passes through the objective lens 11 and i-wave plate 

the present invention, 30 10, is reflected by the polarization beam splitter 9 and is 

FIG. 13 is a flow chart for a third embodiment of the thus incident upon the light detector 12, The signal 

present invention, and resulting from optoelectric conversion by the light de- 

FIG. 14 is a graph of recording power dependency tector 12 is ampUfled by the preamplifier 13 in the play- 

with respect to environmental changes in the optical back control section C. The playback control section C 

disk. 35 converts the low frequency component of the preampli- 

DETATLED DFSrRlPTION OF THE ^'^^ ^'^^ *° * ^^^^^ ^"^^ ^® 

FIG. 1 is a block diagram of an optical data recording The demodulation circuit 15 uses the high frequency - 

device comprising a function which determines the 40 component of the signal from the preamplifier 13 to 

irradiation conditions according to a method of the demodulate the data signal resulting from the recording 

present invention. The operation of each component mark formed on the optical disk 2. The demodulated 

part thereof is described first below. data signal SlSa is temporarily stored in the buffer 

This recording device comprises a spindle motor 1 memory 16, and the data signal S16 is output to an 

which rotates an optical disk 2, an optical section A for 45 external device according to the signal S3c specified 

focusing a laser beam on the optic^ disk 2, a data re* from the controller. The device as thus described can 

cording section B which modulates the laser beam, and thereby record a data signal on an optical disk and read 

a playback control section C which reads the data from the signal from the recorded area of the disk, 

the optical disk 2 and controls the laser spot. The opera- The method whereby the irradiation conditions of 

tion of each circuit is managed by a controller 3. 50 the optical disk are set is described briefly below, fol- 

The optical disk 2 comprises a substrate 2a and a lowed thereafter by a detailed description according to 
recording layer 2b on the substrate 2a. The surface of three embodiments of the present invention, 
the substrate 2a comprises a groove and land structure By first inputting to the controller 3 a reference signal 
guide track for trucking, or an address signal for record- 802 which shows that factors causing a change in the 
ing position detection. In addition, the optica] disk 2 55 condition of the optical disk have occurred, the opera- 
comprises separately from the data area 2c to which the tion for setting the irradiation conditions of the optical 
data signal is recorded a test area 2d for setting the light disk is started. The controller 3 outputs irradiation con- 
irradiation conditions. The material of the substrate 2a ditions setting mode signals 83^ and SZd to the record- 
may be polymethyl methacrylate (PMMA), polycar- ing setting device 6 and the servo 14, respectively. The 
bonate (PC), or a similar regin, or glass. The recording 60 servo 14 moves the position of the laser beam to the test 
layer 2b to which the signal is recorded by means of area 2d, sequentially reads various recording patterns 
light irradiation phase changes may be a GeTe, from the pattern generator 17 by the recording setting 
GeSbTe. InSe. InSeTlCol GeSnTeAu, GeSbTeSep device 6, and operates the drive circuit 5 according to 
SeSnTCX), SeTeS, or similar amorphous-crystalline these recording patterns. As a result, recording marks 
sute phase change material, or an InSb, AgZn, or simi- 65 which differ according to the irradiation conditions are 
lar crystalline-crystalline phase change material. In formed on the optical disk. The irradiation conditions of 
addition, TbFeCo. GdTbpef, and similar optomagnetic the recording marks are detected by the DC component 
recording materials can also be used. of the preamplifier output signal S13 by means of the 
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reflectivity measuring device 19, and the optimum irra- Curve A plots the measured results of the C/N ratio 

diation conditions are determined by the controller 3 at a 718-kHz modulation frequency, 5-mW constant bias 

through a process of adapting the signal S19, which power Pb, and variable peak power Pp. Curve 13 plots 

represents the results of the reflectivity measurement, to the measured results of the C/N ratio for a 718-kHz 

the irradiation conditions. It is to be noted that the DC 5 signal recorded at the preset conditions of Pp= 10 mW 

component of the output signal can also be a sum signal and Pb=5 mW. The above signals were then ovcrwrit- 

of the tracking signal, which is one of the servo signals ten with a 196-kHz signal using a constant 10-mw peak 

for the optical disk, or a sum signal of the focusing power Pp and a variable bias power Pb, and the eztinc- 

signaL Regarding methods of evaluating the other irra- tion rate of the initial 718-kHz signal component was 

diation conditions, the error correction signal S15b measured as the erasure rate. The curves with the maxi- 

generated in the data demodulation process and output mum C/N and erasure rate values of 10 mW and 5 mW, 

from the demodulation circuit 15 can be detected by the respectively, are shown in FIO. 3 (a). Specifically, it is 

error detector 18, and the optimum irradiation condi- shown in FIG. 3 that a good recording is possible with 

tions can be determined by adapting the error signal S18 a 10-mW peak power Pp and 5-mW bias power Fb. 

and the irradiation conditions. FIO. 3 (^) is a graph showing the measured results of 

The irradiation conditions are reset by generating the reflectivity when, the same disk is irradiated with a 
reference signal S02 used in setting the irradiation con- continuous power (unmodulated) beam. Solid line C 
ditions when factors which change the irradiation con- resulted from irradiation of the amorphous state, and 
ditions of the optical disk occur, or when errors are dotted line D resulted from irradiation of the crystalline 
detected in the actual write/read operation. The actual ^ state. The reflectivity of the amorphous state is RO, and 
operating conditions are defmed so that the irradiation that of the crystalline state is Rl. The shaded area £ 
conditions set signal is generated when the optical disk represents the range wherein reflectivity can be ob- 
is changed, when the disk drive is started, when the tained, i.e. , within this range, reftactivity is dependent 
ambient temperature of the operating environment upon the pre-irradiation state because the laser power is 
changes by more than a predetermined amount, when a low. When compared with the results shown in rig. 3 
predetermined period of time has passed after the irradi- (a), a correlation to lager power is observed; specifi- 
ation conditions are set, or when more than a predeter- cally, the reflectivity increases at a laser power of ap- 
mined number of errors are detected in the read signal. proximately 5 mW, the level indicating a high erasure 
By detecting any changes in the irradiation conditions ^ rate, and reflectivity decreases at a laser power of ap- 
when the optical disk is replaced or the drive is started, proximately 10 mW, the level indicating a high C/N 
any changes in the disk or the drive or changes relating rate. In general, errors during optical disk recording 
to both the disk and the drive can be controlled. Fur* result from a shift in the laser power as indicated by the 
thennore, by monitoring any changes in the tempera- curves in FIG. 3 (a) and {b) due to changes in sensitivity 
ture of the operating environment and the passage of 33 with time and variations in the recording medium re- 
time after the irradiation condition are set, the tempera- suiting from the manufacturing conditions, 
ture dependency of the recording medium and any A method according to a first embodiment of the 
changes in the control state of the drive can be con- present invention of determining the irradiation condi- 
trolled. tions of an optical disk using the characteristics shown 

With a recording device as thus described, the irradi- 40 in FIG. 3 is described hereinbelow iising the flow chart 

ation conditions can be set in real time according to a shown in is FIG. 11 and the signal waveform as shown 

reference signal for setting the optical disk irradiation in FIG. 4. FIG. 4 (a) is graph of the level of the control 

conditions, data can be reliably recorded under opti- signal in the test area for setting the irradiation condi- 

mum irradiation conditions, and the reliability of the tions which is obtained from the optical disk read signal,' 

data recording device can be improved. 45 (b) shows the set power level of the irradiated laser 

The present invention is described in further detail beam, and (c) shows the change in reflectivity in the 

hereinbelow with specific reference to the preferred light irradiated area. 

embodiments. The first step is to record the power conditions of the 

FTP CT PX>rpnnTX>rPwx recording specified by the controUer to the pattern 

tlKb I tMBOUlMtN 1 ^ generator 17 through the recording setting device 6 by 

FIG. 2 is a cross section of an optical disk used in a means of the control signal S3b from the controller for 

first embodiment of the present invention. Over the setting the irradiation conditions. For example, the val- 

polycarbonate substrate 2a are sequentially laminated a ues from 5-10 mW are set in 1 mW increments. The 

thin-film protective layer 2e of ZnS, a recording layer laser beam is then moved by the servo 14 to the test area 

2d of GeSbTe; a thin-film protective layer 2/ of ZnS, 55 2d on the optical disk, and balled on a preformatted 

and a thin-film reflective layer 2g of Au, with a polycar- signal (e,g., a control signal resulting from the pitch of 

bonate protective plate 2h attached thereto by an adhe- a pit-land sequence provided in the substrate surface) 

sive 2/. This optical disk has been rotated at a linear from the test area, the optical disk is irradiated by the 

velocity of 1.2S m/sec during recording tests conducted laser beam synchronized to the test start signal (a) ac- 

under various light irradiation conditions. 60 cording to the conditions indicated by the pattern gen- 

In FIG. 3 (a), a graph of the results of a typical test, erator 17. The optical disk is irradiated with a DC light 
curve A shows the C/N power dependency, and curve of the power level shown in rig. 4 {b) by the test start 
B shows the erasure rate power dependency. The C/N signal (a) The drive circuit 5 is driven at a set power of 
and erasure rate are commonly used as standards for a 5 mW at this time, and the power is increased after a 
simple evaluation of the optical disk irradiation condi- 6S predetermined time (e.g., after a 1/10 the rotation of the 
tions; higher values indicate high signal quality and a optical disk). As a results signals are recorded on the 
correspondingly low probability of read errors in the disk at ten is different power levels in one complete 

data signal. roution of the disk. 
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In the next rotation, the laser power level is set to the interleave Reed-Solomon code), this signal being the 
read power level Pr, and the reflected Ught from the same as the code signal used in an audio compact disc, 
recorded portion is detected by the reflectivity measur- is recorded as the code signal SI in FIG. 1. The read 
ing device 19. A signal which changes according to the signal from the recording layer of the optical disk is 
irradiation conditions is obtained as shown in FIG. 4 (c) 5 output from the preamplifier,, and is demodulated to an 
from the reflectivity measuring device 19, and by com- analog audio signal by the demodulation circuit 15. The 
paring this signal level by means of the circuit design or generated in this demodulation process are mea- 

with another value by the controller 31 the power level detector IB. 

Pd at which there is the greatest change in reflectivity Fia 5 is a graph showing the measured results of 
to the change m la«r power is obtamed. For example^ iQ ^^^ ^^ ^^^^ j^^^ ^ ^ overwrite a signal 

So^h'TS^t^^^ atvario^recordi^ 
maxii^um time of the differentiation signal with the ^^f.^^^p^f 'f'^^"^^^^ 
irradiation power. It is to be noted that wSe ten power in tl^EPM signal, generated per one second Ea^^ 

levels are Jsed in this example, even more power levels 15 curve the result of measurenients i^de for 
can be set or the power level can be changed continu- ^ith mcremental changes m the p^ power Pp with a 
ously so that the waveform shown in FIG. 4 (c) ap- constant bias power Pb. The condiuons under which 
preaches that shown in FIG. 3 (6) to increase the power error count is smallest, mdicatmg optimum irradia- 

Pd detection precision. In the present embodiment, the tio" conditions, are dependent upon the bias power Pb 
power Pd level with the greatest change is 7 mW. 20 * tendency for the optimum peak power pp to 
In a phase-change optical disk, the power level re- change to a higher value with an increase in the bias 
quired for phase changes will differ with the recording power Pb. 

material and the structure, but a constant relationship is The present embodiment is a method for determining 
established between the peak power and the erasure the irradiation conditions of an optical disk using the 
power levels within the range of variations in the re- 25 characteristics shown in FIG. 5» and is described below 
cording device and changes during the manufacture of with reference to the flow chart in FIG. 12. 
the optica] disk which are objectives of the present The first step is to record the power conditions of the 
invention. As a result, the relationship between the test recording specified by the controller to the pattern 
power Pd at which there is a large change in reflectiv- generator 17 through the recording setting device 6 by 
ity, bias power Pbl showing the maximum change in 30 means of the control signal S3b from the controller for 
erasure rate,, and the peak power Ppl showing the getting the irradiation conditions. For example, twelve 
maximum C/N rate, can be approximated with the fol- conditions are set: bias power Pb levels 4, 5, and 6 mw. 
lowing equatjons. and po^er Pp i^y^i^ 9^ |o„ 1 1, and 12 mW. The 

''"^ laser beam 15 then moved by the servo 14 to the test 

fpXr^mxFd (2) area 2d on the optica] disk and based on a preformatted 

signal from the test area, the optical disk is irradiated by 
By applying these equations, the optimum recording the laser beam synchronized to the test start signal ac- 
power Pp and Pb can be obtained from the power Pd cording to the conditions indicated by the pattern gen- 
obtained from the change in reflectivity as described erator 17. 

hereinabove. In the present embodiment, because ^ As the first set of irradiation conditions, the disk is 
Pbl = 5 mW, Ppl = 10 mW, and Pd = 7 mW, n =0.7 and irradiated by the laser beam for a constant period at the 
mss 1.4. These values m and n are stored in the pattern power settings Pb=4 mW and Pp— 8 mW, followed by 
generator 17, or these conditions are recorded at the recording at a second set of irradiation conditions of P* 
beginning of the test area Zd on the disk, and are read 4 mW and Pp=s9 mW. The irradiation conditions are 
immediately before test signal recording. For example, 43 sequentially changed to record the twelve patterns, 
in the above method, if Pd = 10 mW as a result of mea- Then, the read light from the recording section is de- 
suring the change in reflectivity from different disks, modulated by the demodulation circuit 15, resulting in a 
then Pbl=7 MW and Ppl = 14 MW is obtained from ^^^e signal from which the errors are detected by the 
the conditions defined m equauons (1) and (2) above. detector 18. The signal with the smallest number 

The opumum irradiation condiuons for the current 50 of error is determined f rom the error detection result, 
optical disk can thus be obtamed from a device con- ^-^^^ ^ -^^^ ^^^^ 

^^n^T ^ . II A ' .V. the signal with the fewest errors, and making it possible. 

Whde SIX irradiauon power levels were used m the ^ , . ^ ^ ^ ^ ^ ^ ^ 

case of the present embodiment, by setting finer steps m cAauipic, lu lucuuiy nyui uic umc p-:»5cumici luc 

the irradiaticm power level or by changing the irr^^^^^ 55 st^ of recording the recording power levels Pp and Pb 
tion power continuously, the curve shown in FIG. 3 {b) ^f. correspondmg low error rate signah 

can be approached. In this case, a more precise power With Ae opti^disk to which the signals measured and 

setting is possible by differentiating the reflectivity level graphed m FIG. 5. the smaUest number of errors is 

and exuacting the peak level without comparing the shown m the signal recorded at Pb=5 mW and Pp=10 

reflectivity values. 60 °^W> mdicating that these are the optimum irradiation 

conditions. 

SECOND EMBODIMENT 
^ , , ^ . . ^ . ^. THIRD EMBODIMENT 

A method of obtaimng the optimum recording power 

by recording a digital signal and evaluating the demod- While the first and second embodiments are methods 

ulation signal is described next with reference to the 65 of obtaining the optimum power level as described 

same optical disk used in the first embodiment above. hereinabove, the third embodiment relates to a method 

In this embodiment, an EPM signal containing an of obtaining an optimum irradiation pattern' by detect- 

audio signal and an error correction code CIRC (cross ing the edge position of the recording mark best suited 
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to the pulse width modulation (PWM) method for read- to be noted that the timing chart in FIG. 7 applies to the 

ing and writing the signal. multiple pulse modulation of a 4T pulse. When the 

Most current optical disk recording methods are heat EPM signal S20a is input, a start signal S23 is generated 
mode recording methods which record data by utilizing by data flip-flops DFF2i and DFF22 and the NAND 
the phase change, reversal or change in the magnetic 5 circuit 23, and the parallel/serial out shift register 
orientation of the recording thin-flbn resulting from a PS/SR 24 operates, The PS/SR 24 caUs the set pattern 
temperature increase caused by absorption of the light from the pattern setting device 25, and outputs the pat-^ 
incident upon the thin film due to irradiation by a laser tern one step at a time synchronized to the clock S20^. 
beam. Shown in FIG. 9 are the signal distortion, record- The pattern setting device 25 is a 44x 15 bit ROM 
ing mark shape,, and read signal wave resulting from 10 device in which fifteen patterns are stored, each pattern 
heat mode recording. When the light beam (b) power having the 44 pulses set HIGH or LOW for corrcspon- 
modulated according to the data signal (a) is irradiated dence to the maximum pulse width (IIT) of the EFM 
to the optical disk, the heat accumulation effect charac- signal. The selector 26 selects the type of the pattern 
teristic of heat mode recording results in a higher tern- output from the pattern setting device 25 according to 
perature at the and of recording compared with the iS the control signal S6b from the recording setting de- 
temperature at the beginning of recording. This results vice. A stop signal S27 is then output by the DFF 21, 
in an asymmetrical tear-shaped recording murk which DFF 22, an NAND 27. This stop signal causes an out- 
is smaller at the beginning and larger at the end &B put from step 17 (inclusive) from the PB/SR 24 to stop, 
shown in FIG. 9 (c). The binary signal (e) obtained from resulting in the pulse string of signal S24. It is to be 
the read signal (d) obtained from the edge positions 20 noted that after the pulse string and clock S20^ are 
(start and end points) of this asymmetrical recording synchronized again, the DFF 28 outputs the pulse string 
mark contains time errors Jl, J2, and J3 when compared signal S28 to the drive circuit 5, Finally, a light output 
with the source recording signal (a)t and when these as shown in FIG. 10 (b) is obtained from the semicon- 
time errors exceed a predetermined level, errors occur ductor laser 7 for the EFM signal shown in FIG. 10 (a) 
during demodulation. 25 by the drive circuit 5. Thus, a pulse string can be ob- 

To eliminate this aymmetricality of the recording tained for pulses of all widths from EFM signals 3T to 

mark as thus described, in the third embodiment of the IIT, and the pulse pattern can be selected £rom among 

present invention, a multiple pulse signal recording fifteen different patterns. 

method as illustrated in FIG. 10 can be used. In this The operation of this embodiment is described next 
method, the temperature of the irradiated portion can 30 with reference to the flow chart in FIG. 13. The fint 
be controlled by irradiating a light pulse (b) comprising step is to record the patterns of the possible multiple 
a string of plural pulses for each inverted signal (record- pulse patterns, e.g., the fifteen different patterns as 
ing mark) of the data signal (a). By using EL constant shown in FIG. 8, specified by the controller to the 
pulse power level and varying the pulse width in this pattern setting means 17 through the recording setting 
light modulated signal, the temperature of the irradiated 33 device 6 by means of the control signal S3d from the 
portion can be freely controlled. Using this multiple controller for setting the irradiation conditions. The 
pulse metHod, it is possible to concentrate the light laser beam is then moved by the servo 14 to the test area 
. energy at the recording start point, e.g. by increasing 2^ on the optical disk, and based on a preformatted 
the pulse width of the pulse at the start of recording and signal from the test area, the optical disk is irradiated by 
reducing the interval t>etween pulses, to form a symmet- 40 the laser beam synchronized to the test start signal ac^ 
rical recording mark as shown in FIG. 10 (c) . As a cording to the conditions indicated by the pattern set- 
result, a low distortion read signal (d) and digital signal ting means 17. As a first sat of irradiation conditions, the 
(e) are obtained, resulting in a recording with a low disk is irradiated by the laser beam for a constant period 
error rate. However, tiie optimum conditions of the according to the pattern shown in FIG. 8 (a), followed 
modulation pattern (b) of this multiple pulse method 45 by recording at a second sat of irradiation conditions 
may differ according to the optical disk and optical disk according to the pattern shown in FIG. 8 (b). The irra- 
drive. diation conditions are thus sequentially changed to re- 
According to the present invention, a recording pat- cord the fifteen patterns. Then, the light read from the 
tern optimized for these variable elements can be ob- recording section is demodulated by the demodulation 
tained. FIG. 6 is a block diagram of a device for obtain- 50 circuit 15, resulting in a code signal from which the 
ing an optimized irradiation pattern for the multiple error quantity is detected by the error detector 18. The 
pulse wave according to the recording layer, and FIG. signal with the smallest number of errors is determined 
7 is timing chart of the operation of this device. It is to from the error detection result, and the irradiation pat- 
be noted that the modulation method of this device uses tern can be identified from the recording time from the 
the EFM signal containing the error correction cods 55 start of recording of the signal with the smallest number 
CIRC as in the second embodiment of this invention. of errors. 

The primary featiire of this circuit is storing in the pat- For example, the optical disk described above with 

tern setting device a pulse string comprising forty-four respect to the first embodiment was spun at a linear 

pulses for the maximum pulse width IIT in this modula- velocity of 1.2 m/see, a signal was recorded with a 

tion method, and generating a pulse string of the re- 60 recording power level of peak power Pp=13 mW and 

quired lengtii from the beginning bf the sat pattern bias power Pb= 5 mW, and the number of errors in each 

according to the pulse width of the input 3T to IIT irradiation pattern was measured Thenumber of errors 

pulse. obtained for each of the irradiation patterns (a) to (o) in 

First, the EFM signal S20fl and a clock signal S20b FIG. 8 was: (a) 210, (b) 150, (c)=170, (d)=100, (c) 

with a cycle ithe cycle T (=231 nB)ofthe EFM signal 65 =180. (0=95, (g)=rl80 0i)r=170, (i)=75, (Q^45, 

clock signal are output from the reference signal gener- (k)sl50, (1)=305, (m)=18, (n)=30, and (o)sl30. 

ator 20 (the EFM reference signal in this case) accord- From these results, the optimum irradiation conditions 

ing to a test start signal S3b from the controller 3. It is are defined by pattern (m). 
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In the embodiments described hereinabove, the meth- 
ods optiinized either the pattern or the irradiation 
power but irradiation conditions with even higher pre- 
cision can be set by combining an optimized irradiation 
power and recording pattern. Furthermore, in the pres- 5 
ent invention the completion of one complete range of 
irradiation conditions recorded on the test recording 
area within one revolution of the disk has been used as 
one standard, but it is desirable for the irradiation condi- 
tions to be set as required, including tests completed in 1^ 
less time or when it is necessary to set a precise high 
power level. 

In the embodiments described hereinabove, evalua- 
tion of the error correction quantity was the only 
method used for evaluation of the data read signal, but 
other methods including comparison of jitter in the 
demodulated signal, can be used to obtain the same 
effect. In addition, a phase-change optical disk medium 
was used as the recording medium, but the present 
invention is also effective with heat mode recording 
methods, and particularly with pulse width modulation 
recording methods. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifica- 
tions as would be obvious to one skilled in the art are 
intended to be included within the scope of the follow- 
ing claims. 3q 

Although the present invention has been fully de- 
scribed in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, 
it is to be noted that various changes and modifications 
are apparent to those skilled in the art. Such changes 35 
and modifications are to be understood as included 
within the scope of the present invention as defmed by 
the appended claims unless they depart therefrom. 

What is claimed is: 

1. A method of recording on an optical data medium, ^ 

said method recording a data signal by means of laser 
beam irradiation on a recording medium which 
changes reversibly between optically distinguish- 
able states according to specific light irradiation 
conditions, and comprising: 45 

a process for accomplishing a light irradiation se- 
quence combining plural different irradiation con- 
ditions before the data signal is recorded to the 
recording medium; 

a light detection process which detects the quantity 50 
of light reflected by a passing through the record- 
ing medium after said light irradiation sequence; 

a process of measuring the signal obtained from the 
light detection process; 

a comparison process which compares the measured 35 
results; 

a process which determines the optimum irradiation 
conditions from the comparison result; and 

a process of recording the data signal using these 
optimized irradiation conditions; 60 

wherein the irradiation beam is power modulated 
between at least two power levels, and 

wherein said power modulation is accomplished for 
one recording mark formed on the recording me- 
dium according to the data signal by means of a 65 
modulation pattern comprising plural pulse strings 
and selected from among at least two modulation 
patterns. 



2. A method of recording on an optical daU medium 
according to claim i wherein the process whidi accom- 
plishes the light irradiation sequence is performed at an 
area other than the data write area of the recording 
medium. 

3. A method of reoordmg on an optical data medium 
according to claim 1 wherein the measuring process is 
accomplished by detecting a predefined error quantity 
contained in the signal from the recording medium, 

and the optimum irradiation conditions are deter- 
mined &om the smallest number of detected errors. 

4. A method for recording on an optical data medium, 
said method recording a signal by means of laser 

beam irradiation on a recording medium which 
changes reversibly between optically distinguish- 
able states according to specific light irradiation 
conditions, and comprising: 

a process for irradiating light at different power lev- 
els continuously for a predetermined period before 
recording the data signal on the recording medium; 

a process for measuring the changes in the quantity of 
reflected or transmitted light from or through the 
recording medium after light irradiation; 

a process for comparing the measured results of 
changes in the reflected or transmitted light quan- 
tity; 

a process for determining the optimum irradiation 
conditions of the recording medium by means of 
the comparison results; and 

a process for recording the data signal using the de- 
termined optimum irradiation conditions; 

wherein as the method for comparing the reflected or 
transmitted light quantity, the irradiated power at 
which the change in the reflected or transmitted 
light quantity is greatest with respect to changes in 
the irradiated power is defmed as the reference 
power level, and the optimum irradiation condi- 
tions are determined by multiplying this reference 
power level by a constant value. 

5. A method of recording on an optical data medium, 
said method recording a data signal by irradiating a 

laser beam power modulated between at least two 
power levels on a recording medium which 
changes reversibly between optically distinguish- 
able states according to speciflc light irradiation 
conditions, and comprising: 

a process for irradiating plural light beams on differ- 
ent positions on said recording medium, said plural 
light beams being obtained by varying at least one 
of said at least two power levels stepwise in accor- 
dance with a specific data signal upon power mod- 
ulating said laser beam; 

a light detection process which detects the quantity 
of light reflected by or passing through said re- 
cording medium after said light irradiation process; 

a process of measuring the signal obtained from the 
light detection process; 

a comparison process which compares the measured 
results; 

a process which determines the optimum irradiation 
conditions from the comparison result; and 

a process of recording the data signal using these 
optimized irradiation conditions; 

wherein said specific data signal contains an error 
correction code, said measuring process is accom- 
plished by detecting a predefmed error quantity 
contained in each of plural signals obtained in said 
light detection process, wherein the optimum irra- 
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diation conditions are determined from the smallest 
number of detected errors. 

6. A method for recording on an optical data medium, 
said method recording a signal by irradiating a laser 

beam power modulated between at least two ^ 
power levels on a recording medium which 
changes reversibly between optically distinguish- 
able states according to specific light irradiation - 
conditions, and comprising: 

a process for irradiating an unmodulated light beam 
of which power level is varied stepwise or continu- 
ously before recording said data signal on the re> 
cording medium; 

a light detection process which detects the quantity 
of light reflected by or passing through said re- 
cording medium after said light irradiation process; 

a process for measuring a direct current component 
of each signal detected in said light detection pro- 
cess; 20 

a process for comparing the measured results of 
changes in the reflected or transmitted light quan- 
tity; 

a process for determining the. optimum irradiation 
conditions of the recording medium by means of 2s 
the comparison results; and 

a process for recording the data signal using the de- 
termined optimum irradiation condition; 

wherein said process for determining the optimum 
irradiation conditions is comprised of detecting the 30 
irradiated i>ower at which the change in said re- 
flected or transmitted light quantity is maximum 
with respect to the change in the irradiated power, 
said detected irradiated power being deflned as the 
reference power level, and determining said opti- 35 
mum irradiation conditions by multiplying said 
reference power level by constant values* 

7. A method of recording on an optical data medium, 



said method recording a data signal by irradiating a 
laser beam on a recording medium which changes 
reversibly between optically distinguishable states 
according to speciflc light irradiation conditions, 
and comprising: 

a process for irradiating a light beam with plural 
different irradiation patterns at different positions 
on said recording medium in accordance with a 
predetermined information signal; 

a light detection process which detects the quantity 
of light reflected by or passing through said re- 
cording medium; 

a process of measuring signals obtained from said 
light detection process; 

a comparison process which compares the measured 
results; 

a process which determines optimum irradiation pat- 
terns from the comparison result; and 

a process of recording said data signal using said 
optimized irradiation patterns; 

wherein said irradiation patterns are accomplished 
for one recording mark formed on the recording 
medium by means of plural pulse strings. 

8. The method of recording on an optical data me- 
dium according to claim 7 wherein said Hght irradiation 
process is accomplished by selecting one or plural irra- 
diation patterns in turn each comprising a pulse string 
stored in a memory and irradiating light beams in accor- 
dance with said selected irradiation pattern. 

9. A method for recording on an optical data medium 
according to claim 7 wherein said predetermined infor- 
mation signal includes an error correction code, said 
measuring process is accomplished by detecting a pre- 
defined error quantity contained in each of plural sig- 
nals obtained in said light detection process, wherein 
the optimum irradiation conditions are determined from 
the smallest number of detected errors. 
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